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EXECUTIVE  SUMMARY 


The  latest  verskxi  of  Toilcwars— Tankwan  ID—the  multqde-weqxm,  bunt-fire  venioo— has  been 
created.  Tankwan,  created  by  Fred  Bunn  of  the  U.S.  Anny  Research  Laboratory  (ARL),  is  a  FORTRAN 
{MOgram  that  models  small  unit  armored  warfare.  A  small  unit  is  defined  as  being  between  1  to 
20  vehicles.  The  model  represents  armor  system  operations  and  its  sensing  and  firing  interaction  with 
odier  armor  systnns.  Tankwan*  basic  use  is  pitting  several  vehicles  of  one  type  against  several  vdiides 
of  another  type  in  many  battles  to  see  v^di  side  does  better. 

Tankwan  has  three  versions:  Tankwan  I.  the  original;  Tankwan  n,  die  sustained  cmnbat  model;  and 
now,  Tankwan  m,  the  muldple-wergxin  platform,  burst-fire  modd.  Tankwan  II  models  single-weryxm 
armored  vebides.  However,  a  need  to  simulate  infantry  limiting  vehicles  engaging  other  infantry  fighting 
vehicles  exists.  These  vehicles  can  engage  each  dher  with  dther  missfle  or  automatic  canrxm  weapon 
systems.  Thus,  there  is  a  need  for  multiple-weapon,  burst-fire  ccunbat  simulation  capability,  and 
Tankwan  m  meets  the  need.  The  basic  additions  to  the  Tankwan  n  model  are  weapon  sdectim,  actkm 
when  no  weqxn  is  available,  and  burst  fire.  Also,  the  existing  submodels  of  target  selecdtm;  surviving 
vehicle  ammunitiai  count;  and  burst-fire  action,  accuracy,  and  vulneralnlity  were  altered. 

The  newer  versi'^’s  verification  was  dcnie  in  two  parts.  The  first  part  was  getting  an  exad  match 
betweoi  Tankwan  n  ard  Tankwan  m  for  single-weapon,  nmiburst-fire  combat  The  second  part  was 
checking  that  Tankwan  in  gave  e^qiected  results  in  multiple-wer^n,  bunt-fire  combat  In  matching  the 
newer  and  older  versions,  several  bugs  were  found  in  the  older  venion;  these  bugs  were  corrected. 
Tankwan  U  and  m  matched  exactly  in  events  and  surmnaries  for  1,000  Monte  Carlo  repetitions  fOT  all 
scenario  variations  played.  In  multipie-weapcMi,  burst-fire  cmnbat  Tankwan  in  gave  expected  results. 
With  the  same  number  of  identical  vdiides  on  eadi  side,  neither  side  did  better  than  tiie  other  for  tiie 
meeting  engagements.  For  attaddng  and  defending  scenarios,  red  vs.  blue  gave  similar  statistics  as  Uue 
vs.  ted.  Also,  a  force  of  vehicles  with  two  wetgxms  did  better,  with  some  exceptitms,  than  the  same  force 
of  vehides  with  a  single  wergxm.  Kfost  exceptions  were  attributaUe  to  a  weak  primary  weapon  compared 
to  the  sectmdary  weaport  Thus,  the  author  believes  the  model  is  verified  as  teascmable. 
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1.  INTRODUCTION 


Tbe  need  for  a  vision  of  Tanicwars  that  Simula  multiple  weaptms  cm  a  i^atform  and  burst  fire  was 
m^  Tankwars.  created  by  Fred  Bunn  of  the  U.S.  Army  Research  Laboratoiy  (ARL).  is  a  FORTRAN 
program  that  models  ambat  between  forces  of  idemical  single-weapcm  annored  vehicles.  However,  a 
need  to  simulate  infantry  fighting  vehicles  engaging  other  infantiy  fighting  vehicles  exists,  and  the  new 
Tanicwars  m  fills  die  need.  The  new  version  allows  a  platform  with  multiple  main  weapons  to  be  {dayed 
in  a  Tankwars-like  battle.  The  basic  additicms  to  the  Tankwars  model  are  werqxm  selecdtHi,  actim  when 
no  weiqxm  is  availaUe,  and  burst  fire.  Also,  the  existing  submodels  of  target  selection,  surviving  vdiide 
ammunititm  count,  and  burst-fire  action,  accuracy,  and  vulneralHlity  were  altered.  This  rq»rt  describes 
the  Tankwars  model,  discusses  the  need  for  modeling  muldide  wetqxms  on  a  platform,  describes  the 
addititms  to  and  modifications  of  the  model,  and  describes  the  verificaticxi  study.  Throughout  this  rq»it, 
the  term  "tank"  means  any  weapon  system  {datfcum. 

2.  TANKWARS  INTRODUCTION 


Tankwars  models  die  operaticm  of  an  armored  system  and  its  enga^ment  of  other  armored  systems. 
All  vehicles  of  (me  side  (called  red  or  blue)  are  identical,  and  each  has  a  single  weapon.  These  forces  are 
pined  against  each  other,  and  the  batde  interactions  are  printed.  Tankwars'  output  is  win  percentage  and 
exchange  rado,  among  other  stadsdcs.  Tankwars  is  used  to  evaluate  the  effectiveness  of  technologies  in 
armor  (^leratitms.  Some  examples  of  studies  (kme  widi  Tankwars  are  evaluadcm  of  the  12()-mm  gun  vs. 
die  IQS-mm  gun,  helicopters  with  STAFF  rounds  vs.  tanks,  particle  beams  vs.  cannons,  and  shoot-undl-kill 
vs.  shoot-until-tut  tactics.  These  exanqiles  demonstrate  Tankwars’  versatility. 

The  Tankwars  program  is  event  driven;  that  is,  evoits  are  sdieduled  and  added  to  a  (pieue  and  then 
are  called  at  the  time  they  are  scheduled,  unless  they  are  canceled  by  another  event  Being  Mtmle  Cailo 
in  nature,  the  {Mogram  runs  a  batde  many  times,  drawing  new  values  for  the  random  vaiiaUes  in  the 
modd.  This  allows  for  a  generalization  of  the  individual  battles. 

Vehide  fire  and  movement  in  Tankwars  will  now  be  explained  Initially,  die  attacking  tanks  set  up 
on  a  line  paraUd  to  the  line  of  defending  tanks.  Attacking  tanks  each  move  independently  along  didr 
predetermined  paths,  attempting  to  kill  all  die  defending  tanks.  The  defending  tanks  are  in  hull  defilade 
and  attonpt  to  kill  all  die  awariring  tanks.  The  orientaticm  of  a  tank’s  hull  and  tund  relative  to  the  line 
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of  its  enemy  is  assumed  to  have  a  caidioid  distribution.  As  the  attaclong  taidcs  move  along  the  padi.  diey 
will  emer  zones  vriwie  they  will  be  visible  or  invisiUe  to  everyone.  This  simulates  loss  of  line-of-sight 
because  oi  terrain,  ifowever.  if  smoke  is  being  played,  loss  of  line-of-sight  is  determined  for  each  pair 
of  tanks.  If  attacking  tanks  have  a  halt-to-fiie  system,  they  will  slow  down  and  stop  to  fire  and  then 
cantmx  to  close  ia  Hgure  1  dejncts  the  attackers'  paths  and  visibility  segments  and  the  defenders’  line 
of  defense. 


o- 


-EIF 


Figure  1.  Intervisibilitv  segments  alone  oaths  of  attackers  in  tankwars. 


The  ri^-most  vertical  liiK  of  Figure  1  represents  the  attacker’s  line  of  departure.  Each  of  the  three 
horizontal,  parallel  lines  n^tesents  an  attacker’s  typical  path,  and  the  boxes  represent  the  areas  vriiere 
terrain  block  the  line-of-sight  The  left-most  vertical  line  represents  the  defenders’  line  of  defense.  The 
defenders  are  in  hull  defilade  as  rqrresented  by  only  the  gun  turrets  being  shown.  As  the  attackers  move 
along,  there  will  be  exchanges  of  fire.  All  the  tanks  will  be  doing  a  firing  sequence  of  seardi,  detect 
acquire,  fire,  impact  and  damage,  and  dren  eidier  reengage  or  disengage  unless  interrapted  by  some  event 
sudi  as  being  tut  Defending  missile  {datforms  will  go  behind  terrain  to  reload  if  necessary. 

Blue  ctunbatants  can  start  vrith  a  full  ammunition  load  or  start  with  the  arrununititm  left  from  a 
I»evious  battle.  Hghting  "in  waves"  is  the  Tankwars  term  for  fighting  without  ammunition  resupfdy. 
Brufies  foug^  in  waves  can  be  considered  to  be  simultaneous  battles  along  die  front  The  blue  army 
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gadien  the  suiviving  tanks  of  a  wave  with  enough  ammunititMi  for  another  battle  and  allocates  these  tanks 
to  the  battles  of  the  next  wave.  The  us«  specifies  the  number  of  battles  in  a  wave  and  the  mimber  of 
waves.  The  user  also  ^Kdfies  the  scenarios  (red  attack,  Uue  attack,  meeting  engagement)  and  the  battles* 
opening  ranges.  ^)ecifying  a  number  of  battles  for  a  number  of  waves  for  a  mimber  of  starting  ranges 
fm  dl  die  scenarios  can  lead  to  an  overwhelming  number  of  program  runs. 

3.  NEED  FOR  TANKWARS  m 

For  studies  of  die  type  conducted  eadier,  no  need  existed  for  a  muldide-weiqxxis  platform  model  For 
a  tank  vs.  tank  scenario,  only  the  main  armamem  would  be  used.  For  a  tank  vs.  an  infantry  limiting 
vehicle  (IFV)  scenario,  die  assumptitm  was  that  the  tank  would  only  use  its  caiuion  and  the  IFV  would 
(Hily  use  its  missiles.  We  now  need  to  model  IFVs  fighting  IFVs.  Both  cannon  and  missile  systems  can 
be  used  to  kill  an  IFV,  thus,  die  need  for  a  muldpte-weapons  model  of  armor  warfare. 

4.  CHANGES  IN  TANKWARS  MODEL 

The  dianges  made  in  the  Tankwars  model  involved  assumptions,  additions,  and  modifications.  One 
assumption  made  was  that  each  weqxm  platform  uses  a  common  opticalfinfiared  sensor,  hence,  only  one 
weapon  fires  at  a  time.  The  additions  were  werqpon  selection,  contingency  {dans  if  no  weryxxi  was 
selected,  and  burst  fire.  Hrudly,  modifications  were  needed  because  of  the  additions. 

In  weapon  selection,  the  wei^xms  ate  listed  in  priority.  The  weapon  selection  model  chooses  the 
Iffimary  weapon  if  it  has  ammunititm  and  the  target  is  within  weapon  range.  If  not,  then  the  seccmdary 
weqxm  is  diosen  if  the  same  condititnis  are  met  If  not,  then  the  tertiary  wetqxm  is  chosen,  and  so  fordi. 
All  weapons  (m  a  (datfotm  should  be  able  to  damage  vehicles  of  the  enemy.  The  followin;,  is  die  pseudo¬ 
code  used  fiv  tile  werpon  selection. 

for  coc*  nnapan  of  the  army  of  thefirer,  in  order  of  priority 

^(target  in  range  ynudmr  of  weapon  and  weapon  hat  ammo)  then 
select  the  we^ton; 
stop  searching  for  weopon  to  use; 

If  no  weqxm  is  selected,  then  a  list  of  contingency  plans  is  used.  If  no  wetpon  is  diosen  for  lack 
of  ammunition,  tiien  both  defenders  and  attackers  hide.  If  no  werpon  is  chosen  for  lack  of  range,  then 
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ilrlhiiinn  wiif  ftirihr  arrlnrntfi  ipiifniili  mil  tiilrtn  rlnir  itn  TlieflDOowtagisflie|MBDdi>>«odefDr 
theilforitfnL 


far  mek  tftka  anrcf  tf  tktftrar 

(f  (wta^kaa  ammo  mid  rmgtio  lariat  graaiar  than  rant*  efwaapam)  than 
dadarafinr  wilt  kma  iraopoa  araiUbla  m  tka  fidart; 
fffirar  will  hara  ww^kw  aaaUabU  in  tkefioara  ikon 
Iffirar  it  an  attaektr  than 

CttWl  fUfWftf  KWUOH  9Ci^dtli€  Wi 

aba 

tdmdaU  a  hide; 


Bum  fire  was  die  last  addition  to  die  model.  Taidcwars  n  has  an  incomplete  twm-fire  submodeL 
That  submodel  was  redone  and  finished.  Basically,  die  submodel  schedules  die  firiitg  of  a  found  if  it  is 
not  die  last  round  of  a  bum;  odierwise.  die  firer  is  reengaged  or  disengaged  fiom  die  taiget.  depending 
(m  die  firing  tacdc.  The  pseudo  code  ftdlows. 


if  the  waapon  has  ammanition  then 

tf  this  roand  was  not  but  roand  in  burst  then 
tehadnU  fire  of  next  roand  efbarst; 
alte 

reset  immbar  of  roandt  in  burst; 

tf  {switch  afier  one  burst  OR  switch  afier  certain  namber  ef  bursts  and  that  member  cf  bursts  have  been  made) 
diseniagefi-am  lartat; 

tf  firer  does  not  haae  a  hcdt-tofire  system  and  can  move  then 
flocdcFiflfiovv 

reset  namber  cf  diets  (bersts)  by  firer  on  targa; 
else 

cakidate  time  mnU  mat  barst; 
achedide  nest  barst; 
else 

tf  firer  can  go  then 
schadale  a  hide; 


Bum  fire  requires  accuracy  and  vuhieihbility  submodels  that  differ  from  single-shot  accuracy  and 
vulnerability.  The  bum-accuracy  submodel  was  derived  by  looking  at  the  bum-accuracy  data  provided 
by  the  U.S.  Army  Materiel  Systems  Analysis  Activity  (AMSAA).  These  data  are  dre  standard  deviations 
of  the  bum-to-bum  and  widiin-bum  orors  in  both  the  veitical  and  horizontal  conqionetts  fiv  various 
mges.  Ihe  bom-accuracy  submodel  finds  die  location  of  impact,  reladve  to  die  aim  point,  by  summing 
die  draws  fiom  the  bum-to-bum  and  widdn-bum  error  distributions.  The  madiemadcal  description  of 
die  modd  fidlows. 
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TSfx).  TE(y)  •  coonUmtg  ef  impact  rdalnc  to  aim  point 

BB(x},  B^y)  -  draw  from  bant-Uhbant  orror  diatribatum  (drawn  at  btgiiming  of  aadk  bunt) 

WB(x).  B^y)  •  draw  from  withmdmrst  orror  Satribotion  (dbawn  for  oack  roaad  in  barat} 

BB(x)  -  N(OSlBB(xm.  BB(y)  -  mSfBBiy)}). 

WB(x)  -  N(OJSlWB(x)J).  WB(y)  -  N(0J5lWB(yU). 

SiBB(x)].  S(BB(y)J.  S[WB(x)l  S(WB(y)J  -  roapactwo  atandard  dariationa  eftka  arror  diatribationa. 

Hie  data  are  available  for  a  statimaiy  firer  vs.  a  stationary  target  and  fiv  a  stationary  fire  vs.  a  moving 
target  for  certain  werqion  systems. 

Unfortunately,  vulneralnlity  data  foat  include  synergistic  effects  for  multiide  hits  in  a  burst  are  not 
available  because  of  the  cost  of  finding  such  comfdexinformatkm.  Thus,  the  burst  vulnerability  submodel 
in  Tankwars  m  treats  any  hit  on  a  tank  as  having  foe  effect  of  a  first  hit  on  an  undamaged  tarfo.  This 
means  that  foe  model  underestimates  file  lethality  of  a  weiqion  or  overestimates  die  survivability  of  a 
target 

Adding  multiide  weapcms  and  burst  fire  made  other  modifications  necessary.  Oianges  were  made  in 
the  way  tanks  sdect  targets  and  fire  and  the  way  ammunititm  on  survivirtg  tanks  is  counted.  In  target 
selection,  some  weapcm  must  be  available  before  stfoeduling  a  target  select  In  counting  die  remaining 
rounds  left  tm  board  a  surviving  tank,  die  raimber  of  shots  left  are  counted  instead  of  the  number  of 
rounds.  A  shot  is  the  firing  of  a  missile,  a  large  camxm  round,  or  a  burst  of  an  automadc  cannon. 
Finally,  the  fire  submodd  was  changed.  Atterrqits  at  piigiointing  a  flash  now  occur  only  at  the  start  of 
a  burst  and  die  number  of  shots  on  a  target  is  now  incremented  rnily  at  foe  end  of  a  burst  The  round- 
count  reset  m  a  burst  was  moved  from  the  fire  submodel  to  the  burst-fire  submodel  Target  range 
calculadcn  and  new  round-attribute  assignments  were  moved  to  a  tound-creadon  submodel  Lasdy,  die 
logic  of  finding  and  scheduling  of  round  effects  was  streamlined.  The  following  is  die  pseudo  code  ftir 
die  modified  fire  submodel 

daeUrafirar  nettoba  baay; 
inerarnam  nambar  efroanda  aaad; 
if  barat  firatban 

ineramant  nambar  of  roattda  in  barat; 
alaa 

dadara  roaad  to  bafirat  roaad  in  barat; 
if  not  wkkin  a  barat  than 
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raeonrf  ihf  riMf  >br/lr«  «r  iWt  ivyiT; 
rteani  ikt  tkm  tfMgfln; 
if  HUr  if  (trnfirm  rmmd  in  ikt  hmnt  tkm 
find  wko  mtt  tk»  JUak  of  tkt  romti; 
tftkafinrumataflaMHgdaeeytkm 
ermttanmd; 
tekadalt  impact  cf  rotmd; 

^llW  fctutd  is  41  stissUs  cImm 

dadart  thatfinr  has  a  mimSk  m  the  lorftf; 
find  a  gaUmm  dmmd  fm  dm  madU; 

^  dmn  ii  a  dmmd  for  dm  muaUa  tkm 

dtttrmiimiadmdiilo  actum  cffiror  ofitr  it  has  fired  mitaU; 
oUe  if  dm  roaad  is  KB.  HEAT,  or  STAFF  tkm 
if  dm  skot  consists  of  a  sintic  round  dmn 

damnnum/srkmlule  aedm  effiror  after  is  has  find  smgtc  round; 

dsu 

dctcrmina/scksdult  action  affirar  after  burst; 

else 

stop; 


This  oonchides  the  altentioos  to  the  Tankwais  model. 


S.  CODE  MODIHCATIONS 

The  code  revisioDS  include  fonnat  improvements  and  additional  submodels.  The  fonnat  inqxovements 
make  the  prognm  easier  to  understand  and  ddwg.  The  additional  submodels  allow  die  prognnn  to 
simulate  burst  fire  and  muldide  wet^xns  on  a  firing  idatioim. 

The  fimnat  changes  are  as  follow: 

1.  All  vaiiaUes  are  now  declared.  Hiis  makes  it  possiUe  for  the  compiler  to  print  undeclared  variaUes; 

these  are  generally  misqidled. 

2.  All  brmdies  and  loops  are  now  consistendy  indmUBd  to  improve  readability. 

3.  Capitalizrekm  was  used  to  daiify  the  meaidng  of  striiigs  as  fidlows: 

a.  Local  vaiiaMes,  reserved  works,  and  subroutines  are  in  lower  case.  Subroutines  can  be 
distinguished  by  die  reserved  wmd  call  preceding  diem,  and  local  variables  can  be  disdnguidied 
in  diat  diey  cannot  be  reserved  words. 

b.  Common  block  variables  begin  withn  upper  case  letter. 

c.  Ptmetions  and  parameierB  are  all  tqjpor  case.  Rmctioiis  can  be  distinguWied  since  diey  are 
followed  by  parentheses. 
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4.  All  common  block  variables  are  in  include  files.  This  guaiamees  the  consistency  of  the  common 
blocks  in  dUftrent  routines. 

5.  The  print  statements  that  genentte  the  event  history  now  use  a  unifonn  fonnat  This  simplifies  the 
debugging  programs  that  examine  die  output 

6.  Some  constaitts  have  been  replaced  by  parameteis  to  add  mnemonic  meaning. 

7.  All  routines  now  contain  trace  statements  to  aid  rfehugging  This  made  it  possible  to  show  diat 
Tankwais  n  and  Taidcwaia  m  caUed  roudnes  in  exaedy  die  same  sequence. 

8.  The  code  that  assigns  a  missile  guidance  diaimel  is  now  in  a  sqiarate  routine. 

9.  The  code  dutt  finds  wfaedier  firer  i  is  guiding  a  missile  to  target  j  is  now  in  a  sqiarate  routine. 

Coding  changes  to  simulate  burst  fire  and  muldide  weapons  on  a  firing  platform  are  as  follow: 

1.  The  dimensions  of  several  Modes  of  variables  were  increased  to  include  the  weqxmnumbor.  Thiswa:^ 
<k»e  for  both  data  and  status  variaUes. 

2.  The  event  history  format  was  changed  to  indude  die  number  of  the  weqxms  being  used  for  the  evertt. 

3.  New  variables  were  created  to 

a.  tqxesem  die  number  of  weqxms  on  a  {datform, 

b.  rqwesent  the  weqxm  in  use  by  a  tarik, 

c.  rquesent  the  minimum  and  maximum  range  of  die  weapons  (used  by  the  weapon  sdection  routine 
to  ddermine  availaMlity  of  weqxms), 

d.  keep  track  of  idiere  in  die  burst  die  particular  remnd  of  the  burst  is,  and 

e.  keep  track  of  iriiedier  a  firer  had  pinpointed  a  target  (Keeping  a  record  of  whedier  a  firer 
pinpointed  a  target  is  importam  because  in  Tardewars  m,  die  weqxm  to  be  used  has  not  yet  been 
determined  q  die  time  the  seka  start  routine  is  caUed.  Therefore,  the  decision  to  incremcm  the 
numbq  of  channds  if  a  missile  system  is  being  used  cannot  be  made  yet  After  targq  selection, 
if  a  missile  system  is  indeed  diosett  then  the  number  of  its  channels  in  use  is  incremented). 

4.  New  routines  were  created,  and  old  routines  were  modified. 

a.  Routines  were  created  to  im{dement  the  new  submodels  of  weqxm  setection.  rxi-weqxm-available 
contingency  pbms,  and  burst  fire. 

b.  The  code  for  the  fire  routine  was  rewritten  to  reflea  its  reorganizatioiL 

c.  A  ftmctkm  to  determine  ifriitt  weqxm  is  in  use  by  a  firer  was  created. 

This  summarizes  the  coding  changes  dut  were  made  to  turn  Tankwars  n  into  Tankwars  m. 
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6.  VER1FICA110N  STUDY 

Tlite  aectkn  desoites  die  nMdiods  used  nd  the  lesults  obtaiiied  in  verifying  Tnkwan  in.  The  two 
puts  of  die  vuificsdon  study  were  as  follow: 

1.  An  exaa  matdi  between  die  Tankwars  n  and  Taidcwan  ni  for  die  single  weapon,  nonbunt-fire 
combat 

2.  Checking  fiir  eiqiected  results  fiom  Tankwan  m  in  muldpie-weqxm.  bunt-fire  combat 

The  vehides  simulated  were  the  Bndley  flatting  vehide  (BFV)  fiw  the  blue  side  and  a  Russian 
infontry  finning  vehide  (IFV),  die  BMP-l,  for  die  red  side.  Modeling  of  diese  vdiides*  duuadeiistics 
diould  be  accuiateexcqit  for  die  accuracy  and  lethality  characterisdcs  since  they  are  classified.  However, 
Taidcwan  is  undergoing  the  testing,  not  the  vehicles. 

Tankwan  n  and  Tankwan  m  gave  die  exact  same  event  histoiy  and  statistics  for  sin^. 
nonbuist-weapon  combat  for  IXXX)  repetidons  for  each  of  die  scenariot  In  fact  diey  agree  in  landom 
numben  generated  and  events  happened,  sdieduled,  and  canceled. 

Next  Tankwan  m  was  run  for  the  muldide-weapon,  bunt-fire  case.  Inidally,  runs  were  made  to 
check  diat  the  burst-fire  cycle  and  the  switddng  between  weapons  worked,  wtucfa  diey  did.  Next  sets 
of  runs  were  made  for  each  of  the  scenarios  at  1-.  2-.  and  3-km  ranges.  Each  tun  was  a  sin^e  wave  of 
1 ,000  battles.  The  force  was  duee  red  vs.  duee  Hue  IFVs  for  meeting  engagements,  six  red  vs.  three  blue 
IFVs  for  ted  attacks,  and  duee  red  vs.  six  blue  IFVs  fcu'  Uue  attacks.  The  simuladon  used  the  HunsfeU 
terrain  model  and  (he  cardioid  shot  distribudonmodd.  The  lethali^  and  accuracy  data  used  to  obtrin  die 
results  of  dus  section  are  shown  in  Tables  1  and  2. 


Table  1.  Lethality  Data  Used  fiir  Multiple- Weapon,  Burst-Fire  Runs 


1  Probability  of  Catastrophic  KiD  Given  a  Hit  | 

Side 

Piimity 

Weapon 

Orientation  of  Target  widi  Respect  to  Hrer  | 

0“ 

30* 

60* 

90* 

120* 

150* 

180* 

Bhie 

Primary 

Auto-Cannon 

JO 

.60 

.70 

.80 

.90 

.95 

.975 

Blue 

Secondary 

Missile 

JO 

.60 

.70 

.80 

.90 

.95 

.975 

Red 

Primary 

Cannon 

JO 

.60 

.70 

.80 

.90 

.95 

.975 

Red 

Secondary 

Missile 

JO 

.60 

.70 

.80 

.90 

.95 

.975 
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Tliefimiet  of  tine  nra  had  BFVsoaeadiskle  to  check  ledpfodty.  For  meeting  engagemattg  with 
the  same  number  of  vddcles  on  each  side,  one  would  expect  ^iproximately  the  same  win/loss  fractkms 
and  an  exchange  latio  of  one.  Fot  attadr  scenarios,  one  would  expect  qiproximately  die  same  win 
fraction,  loss  firacdon.  and  exchange  ratio  for  the  attacker,  legardleas  wdietherthe  attadcer  was  red  orbhie. 
The  results  were  so.  for  die  90%  confidence  intervals  of  the  winAoss  fiacdoos  overlapped,  and  the 
exdiange  ratios  agreed  to  within  10%.  Tdbles  3  shows  the  results.  The  numbers  in  die  parendieses 
rqxesent  confidence  intervals. 


Table  3.  Redptodty  Qieck  Results 


Scenarios 

Rnge 

Suuiatic 

Meeting  Eagagemeoc 

Red  Anack 

Blue  Attack 

BhieWiii 

Blue  Lon 

Dnw 

AUDead 

Exchenge  Ratio 

.423  (.39e..4S0) 
.437  (.431..484) 
.113  (.09e..l32) 
.007  (.0(M,.014) 
0.96S 

.237  (.233,.281) 
.743  (.720,.766) 
.000 
.000 

1.349 

.720  (.696,.744) 
.273  (.232..300) 
.001 
.004 

0.634  «  1/1377 

2,000  tn 

Blue  Win 

Blue  Lou 

Draw 

AUDead 

Exchange  Ratio 

.149  (.131,.169) 
.184  (.16S,.20S) 
.667  (.642,.692) 
.000 

0.94S 

.329  (.305,.333) 
.378  ( J32..604) 
.088  (.074^103) 
.003  (.002,.011) 
1.899 

337  (331,384) 
.333  (.309,.339) 
.103  (.090,.123) 
.003  (.0Q2,.011) 
0313  s  1/1.942 

3,000  m 

Blue  Win 

Blue  Lon 

Draw 

AUDead 

Exchange  Ratio 

.032  (.042..066) 
.036  (.(M3,.070) 
.892  (.873..908) 
.000 

0.982 

319  (.293,.343) 
369(343,396) 
.104  (.069,.122) 
.008  (.004..013) 
1.927 

389  (363,.613) 
.280  (.237,.303) 
.130  (.113,.149) 
.001 

0364  «  1A.773 

Rnally,  a  set  of  runs  was  made  to  show  that  the  vdiide  with  muldple  weapons  would  perform  better 
dian  vdiides  with  only  a  single  weapoa  This  set  of  runs  was  done  with  the  red  side  having  a  missile 
and  cannon  we^ioiis  whfle  the  due  side  had  either  both  a  missile  and  cannm,  just  a  cannon,  w  just  a 
tnisale  system.  The  Uue  win  fiacdon  and  exchange  rado  should  improve  with  an  increase  of  weapons, 
and  the  results  tend  to  show  diis.  TaMe  4  shows  results  for  the  Uue  attack  scenario.  The  numbers  finr 
the  blue  attack  ate  as  eiqiected. 
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Table  4.  Multiple  vs.  Sin^  Weapon  Results  for  Blue  Attack 


Raite 

Statislic 

_ Bh««Amianient _ I 

Cttoo  md  lifiaale 

Cannaii 

lifiasile 

B 

Bhw  Wia 
BlueLoa 

Dnw 

AUDnd 
Eidwige  Ratio 

.977  (.96S..9BS) 
.019  (.0t3..029) 
.004 
.000 

1.287 

.943  (.930..9SS) 
.026  (.019..037) 
.029  (.021..040) 
.002 

1.247 

.073  (.062..091) 
.246  (.224..270} 
.679  (.6S4..704) 
.000 

0J24 

2,000  m 

Bhw  Win 

Bhw  Loaa 

Dnw 

AUDead 
Eachanje  Ratio 

.887  (.ii(70..903) 
.010  (.00ti..019 
.103  (.088..121) 
.000 
i.7sri 

.877  (.8S9..894) 
.033  (.02S..04S) 
.090  (.076..107) 
.000 

1.2S8 

.084  (.071..i01) 
.328  (J04..3S4) 
388  (362..614) 
.000 

0308 

3.000  m 

BhieWhi 

BtneLoaa 

Dnw 

AUDead 
Eadiange  Ratio 

.876  (.8S8..893) 
.017  (.011..02Q 
.107  (.092..12S) 
.000 

IJll 

.836  (.816..8SS) 
.042  (.033..QSS) 
.121  (.1QS..140) 
.001 

1.2S0 

.076  (.063..09^ 
.443  (.417..470) 
.481  (4SS.306) 
.000 

0.244 

Table  S  lists  the  multiide  vs.  single  we^xm  results  for  the  red  attack. 


Tatde  S.  Multiple  vs.  Single  Weapon  Results  for  Red  Attadc 


Ranfc 

Statiatic 

Blue  Annament  | 

Caonoo  wl  Kfiaaile 

Ojaiattm 

NGaaile 

B 

BhieWin 

Blue  Loaa 

Dnw 

AUDead 
Eadjange  Ratio 

336  (310.363) 
.132  (.134..173) 
302  (.279.327) 
.010  (.006.X>18) 
3.130 

.184  (.163..20Q 
333  (309..339) 
.481  (A33.308) 
.002 

1045 

.021  (.013..031) 
.090  (.076..107) 
.889  (372..90S) 
.000 

1.999 

2.000in 

BbwWin 

Blue  Loaa 

Dnw 

AUDead 
RidMuige  Ratio 

331  (.307.337) 
.124  (.108..143) 
342  (316.369) 
.003 

3329 

.073  (.062..091) 
331  (303.338) 
.393  (.368..420) 
.001 

1.294 

.019  (.013..029) 
.036  (.04S..070) 
.923  (.910..93t0 
.000 

2319 

3/)00in 

Blue  Win 
BlneLoea 

Dnw 

AUDead 
Exchante  Ratio 

373  (330..401) 
.148  (.130..168) 
473(A49.302) 
.002 

3.080 

.099  (.064..117) 
.494  (.468.321) 
.403  (380.A32) 
.002 

1414 

.013  (.008..021) 
.060  (.049..073) 
.927  (.912..940) 
.000 

2.634 

In  the  case  of  red  aitaclu  we  obMfve  tte  oooiMer-iiXiiitive  remits  ttiM  tte  blue  kMf  ratio  is  higher  wlien 
the  bhie  umy  has  two  weapons  than  when  it  has  only  missiles.  The  reason  is  diat  in  Tankwars,  an  anny 
must  be  aimihilalBd  to  be  coutted  as  a  loss.  If  an  army  is  ovemm,  it  is  counted  as  a  draw.  When  the 
defensive  blue  army  has  only  missiles,  it  is  less  likely  feat  they  will  be  detected.  In  this  case,  annihilation 
of  Uue  does  not  occur.  While  the  blue  anny  may  be  ovemm,  these  situations  are  not  counted  as  losses. 

TaUe  6  is  fee  multiide  vs.  single  weapon  results  for  fee  meeting  engagement 


TaUe  6.  Multiple  vs.  Single  Weapon  Results  for  Meeting  Engagement 


Blue  Aimament  | 

Range 

Statudc 

Cannon  and  Missile 

Cannon 

Missile 

Blue  Wm 

.784  (.762,.80d) 

J21  (.49S,.S48) 

.604  (.578,.630) 

BlueLoas 

.OSS  (.044..069) 

.066  (.0S4..061) 

.1S2  (.134,.173) 

Draw 

.ISO  (.132,.l71) 

.404  (.379..431) 

.244  (.222,.268) 

■■■ 

AUDead 

.011  (.00?,.01^ 

.009  (.0QS..01Q 

.000 

Exchange  Ratio 

1220 

1.702 

1.327 

Bhie  Win 

.174  (.1SS,.19Q 

.184  (.16S,.206) 

Bhie  Lobs 

.03S  (.026^047) 

.029  (.021,.040) 

2,000  m 

Draw 

.791  (.769,.812) 

.787  (.765,.809) 

AUDeKl 

.000 

.000 

Exchange  Ratio 

1.398 

0.000 

1477 

Blue  Win 

.009  (.00S..016) 

.010  (.006,.018) 

BlueLoas 

.000 

.000 

3.000  m 

Dnw 

.991  (.98S,.996) 

.990  (.984,.99S) 

AUDead 

.000 

.000 

Exchange  Ratio 

1.806 

0.000 

1.826 

For  the  cainion-cnly  case  in  fee  meeting  engagonent  at  2  and  3  km,  hardly  any  OHnbat  is  taking  (dace 
since  fee  cannon  is  out  of  range.  Since  fee  auttunatic  cannon  is  not  being  used  and  Uue  is  in  hull 
defilade,  fee  red  army  can  barely  detea  the  Uue  systems  (for  the  given  input  data).  At  2  and  3  km,  there 
would  be  no  difference  in  the  results  between  the  cannon  and  missile  and  missile-only  cases  since  fee 
cannon  is  not  used.  However,  the  starting  randan  seed  is  different;  thus,  a  small  difference  in  fee  results 
does  exist 


12 


Thto  sums  the  results  fiom  die  given  input  daa  Some  of  die  other  dare  sets  tend  to  show  wone 
results  with  multiple  weapons  dun  widis  single  weapon.  The  primary  weapon  having  poorer  peifpnnance 
dun  the  secondary  wetgxm  accounts  for  most  of  these  unexpected  results.  Performance  factors  are 
probabiliqr  of  IdD  givoi  a  dnt.  laqge  window,  time  to  fire,  ogubility  to  fire  on  die  move,  nd  ammimttton 
load. 

In  summary,  die  results  of  Tankwan  n  and  Tankwars  in  in  single-weiqion,  nofdmrst  combn  are 
equivalenL  For  idendcal  forces  on  each  side,  Tankwars  DI  results  dxiw  redpiodty.  Riudly.  ncqx  fM' 
certain  cases,  whidi  have  been  explained,  a  side  does  better  with  two  weapons  dun  widi  just  one  weipoiL 
These  results  verify  die  latest  modificatioos  of  Tarricwars. 
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Moffett  Field.  CA  94035-1000 


1  Cdr.USACBDCOM 
ATTN:  AMSCB-Cn 

1  Dir.USARL 

ATIN:  AMSRL-SL-I 


5  Dir.  USARL 

ATTN:  AMSRL-OP-AP-L 


No.  of 


Naof 


Cornea  Organiatkiii 

1  HQDA  (SARD-TT/Dr.  F.  Milloo) 
WASH  DC  203i(M)103 

1  HQDA  (SARD-TT/Mr.  J.  Appel) 
WASH  DC  20310-0103 

1  General  Defense  Corpontioa 
Tactical  Systems  Division 
ATTN:  Ray  Edmondson 
P.O.  Box  21606 
St.  Petefdxirg.  FL  34664 

1  LTV  Aooqnce  and  Defense  Company 
ATIN:  CH.  McKinley 
P.O.  Box  655907 
Dallas,  TX  75265-5907 

1  Booz  Allen  and  Hamilton,  Inc. 

ATTN:  KfikeMcGinnes 
Suite  1610 
1300  17th  St 
RosslyiuVA  22209 

1  Military  Vehicles  Operation 
ATTN:  DanBitz 
PjO.  Box  420 
Mao  Code  01 
Indiamqx)lis,  IN  46206 

1  Technical  Solutions,  Inc. 

ATTN:  GeoqpOber 
P.O.  Box  1148 
MesiOa  Park,  NM  88047 

1  Mr.  H»ry  Reed 
338  Carter  Street 
Aberdeen,  MD  21001 

1  FMC  Cocporatioo 

Armament  Systems  Division 
ATIN:  WardLiOback 
MSM239 

4800  East  River  Road 
KGnneqxOis,  MN  55421 


Conies  Cktmmtm 

Aberdeen  Proving  Ground 

7  Dir.  USAMSAA 

ATTN:  AMXSY-GC. 

G.  Comstock 

L.  Harrington 
ML  Schmidt 

AMXSY-GA. 

W.  Brooks 
K.  Tarquini 
AMXSY-GI. 

CEhrig 

E.  Walker 

11  Dir.USARL 

ATTN:  AMSRL-WT-WE. 
J.Olah 

F.  Bunn 

G.  Sauerbom 
J.  Wald 

M.  Fields 
C.  Patterson 
J.  Thoam 

J.  Tetnpeiley 
MAJ  C  Langhaiiser 
SFC  J.  Wiias 
SFCR.  Hauser 
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USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 

This  Lsbonuoiy  undertakes  a  continuing  effort  to  improve  the  quality  of  the  reports  it  publi^ws.  Your 
comments/iuiswers  to  the  items/questions  below  will  aid  us  in  our  efforts. 

1.  ARL  Report  Number  ARl-TR-484 _ Date  of  Report  _ 

2.  DateReportReceived _ 

3.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of  interest  for 

which  the  report  will  be  used.) _ 


4.  Specifically,  how  is  the  report  being  used?  (Information  source,  design  data,  procedure,  source  of 
ideas,  etc.) _ 


S.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or  dollars  saved, 
operating  costs  avoided,  or  efficiencies  achieved,  etc?  If  so,  please  elaborate. _ 


6.  General  Conunents.  What  do  you  think  should  be  changed  to  improve  future  reports?  (Indicate 
changes  to  organization,  technical  content,  format,  etc.) _ 


Organization 

CURRENT  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 

City,  State,  Zip  Code 

7.  If  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the  Current  or  Correct  address 
above  and  the  Old  or  Incorrect  address  below. 


Organization 

OLD 

address 


Name 

Street  or  P.O.  Box  No. 
Qty,  State,  Zip  Code 


(Remove  this  sheet,  fold  as  indicated,  uq;*  closed,  and  maU.) 
(DO  NOT  STAPLE) 


DEPARTME.HT  OF  THE  ARMY 


OFROAL  BUStt^ESS 


BUSINESS  REPLY  1VL4IL 

■  BOTajBSfEMrM3floin.tfs.w 

Posiagi  win  at  said  tty  addrtssae 


Director 

U.S.  Army  Researdi  Laboratory 
ATTN:  AMSRL-OP-Cl-B  (Tech  Lib) 
'Abercjeen  Proving  Ground.  MD  21005-5066 


